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Continuously regenerating stratified squamous epi-
the lia form an interesting model for examining mecha-
nisms controlling the balance between rates of cell for-
mation and cell maturation and death. Previous investi-
gations of epidermal metabolism have been mainly based 
on single enzyme assays which may not form a reliable 
guide to changing rates of flux through metabolic path-
ways. Methods for in vitro assays of rates of glycolysis, 
protein synth esis and RNA synthesis of epidermal sheets 
free from dermal contamination w er e developed and 
used to examine rates of epide rmal metabolism after 
experimental alteration of rates of epidermal prolifera-
tion. 
Starvation resulted in a 45-53 % r eduction in the in vivo 
epidermal labeling index and a 49-56 % reduction in gly-
colysis and incorporation of amino acids assayed in vitro. 
Induction of epidermal hyperplasia with hexadecane re-
sulted in a 4-fold increase in labeling index, a 6-fold 
increase in vitro glycolysis and a 3 to 4-fold increase in 
in vitro assays of incorporation of amino acids and uri-
dine. Hyperplastic epidermis also showed an increased 
rate of incorporation of histidine (a marke r for kerato-
kyalin synthesis) relative to le ucine (a marker for basal 
cell prote in synthesis) indicating a change in maturation. 
The r esults suggest mechanisms linking rates of cell 
proliferation and death and indicate the possible value 
of such assays investigating these mechanisms. 
Studies of rates of ep ithelial growth h ave been underta ken 
chi efl y by exa mining changes in various aspects of cell prolif-
era tion us ing either metaphase blocking with stathmokinetic 
agen ts o r la beling with tr it iated thymidine [1 ,2]. Similar me th-
ods h ave form ed the basis for assays of tissue extracts believed 
to contain gr owth controlling componen ts [3,4]. Attention has 
there fore focused primarily on only one aspect of cellular activ-
ity, na mely that for division . 
Cells in a stratifi ed squa mous epithelium normally und ertake 
2 m ajor phases of synthesis, one associated wi t h t he production 
of new cells in t he basal layer , th e other with formation of 
products of ke ratinization during the cell maturatio n associated 
with passage from the basal layer to the s tratum corneum. It 
has been observed th at a raised r ate of epide rmal cell prolife r-
a tion is associated with a n increased rate of cell maturation, 
measured as th e rate of transit of cells through the supra basal 
s trata [5-7]. Starvation, which has the opposite effect of reduc-
ing cell proliferation , a ppears to delay cell m aturation [8]. It 
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has therefore been postu lated that factors whi ch con t rol ra tes 
of cell proliferation also influe nce t he li fe-spa n of postmitotic 
differen t ia ting cells [5]. It thus a ppears that a n increase or 
decrease in rates of cell proliferation a nd cell m atura tion should 
be related to rates of cellul ar syn th etic activit ies in the supra -
basa l strata. This re la tionship has not pre viously been directly 
investigated. 
The presen t report describes investigatio n of several methods 
of obta ining a measure of the metabolic activity of pure s heets 
of epidermis. A m easure of glycolysis was obtained t hrough the 
m etabolis m of t ritiated glucose using a m ethod adapted from 
Ashcroft , Bassett, and Randle [9]. Protein syn thesis a nd RNA 
syntheses were examined by measurem ent of t he rate of incor-
poration of 14 C la be led a mino acids or aH -uridine in to the 
epidermis . The rate of incorporation of '1H-histidine a nd 1''C-
leucine was used as a m easure of the production of specific 
epiderma l proteins. The a im of t he study was to (a) develop 
assays which may provide a measure of the ra tes of certa in 
basic aspects of epithelial m etabolism a nd (b) examine how 
ra tes of ove ra ll m etabolism a re related to experimentall y al te red 
rates of proliferative activ ity . 
MATERIALS AND METHODS 
All specimens of epidermis used in this study were taken from the 
ears of young adu lt male Balb/C mice weighing 25- 30 gm. Sheets of 
epidermis were obtained by incubating small pieces of ear skin for 2 hr 
at 37°C in a 1 mM solution of disodium EDTA in buffered sa line (0.147 
M NaCI, 2.7 mM KCl, 8 mM Na"HPO.,, 1.4 mM KH,P0.1), at pH 7.3. 
Following this treatment, the epidermis could be readily separated 
from the connective tissue u ing fine forceps. Prior to assay, the 
epidermal sheets were !lattened out and kept fl oating, stratum corneum 
uppermost, on basal medium Eagle (BME). The BME used for storage 
of specimens, and for their subsequent incubat ion was supplemented 
with Earles salts and glu tamine (Grand Island Biological) and was 
gassed with 5% CO", 95% O, to adjusl the pH to 7.4 prior to use. 
Glycolysis Assays 
For assays of the rate of glycolysis occurring within the epithelial 
samples the following sequence was employed. To 6 X 50-mm glass 
reaction tubes, 0.1 11Ci of 5-"H-glucose (Amersham Searle, specific 
activity 19 11mCi/mmole) was added and dried under vacuum. Tissue 
samples were added to these tubes simultaneously with 0.1 ml of gassed 
incubation medium (which conta ined 0.555 11moles glucose), the tubes 
stoppered and incubated for 2 hr at 37°C. Metabolic activity of the 
tissue was then terminated by addi tion of 0.01 ml of 1 N HCI. To a Ll ow 
exchange of "H-labeled water produced by the epithelial metabolism of 
glucose during the period of incubation, each reaction tube was pl aced 
upright in a sealed scint iLlation vial containing 1.0 ml of distilled water 
and held in a 70°C oven for 24 hr. Following exchange, the contents of 
the reaction tubes were assayed for protein [10], to give a measure of 
the amount of epidermis incubated. The exchanged rad ioactive water 
in the scintillation vials were assayed by scintillation counting in a 
Beckman model LSlOO with samples counted to 96% accuracy. The 
rate of exchange of "H-labeled water under the conditions employed 
was experimenta lly determined by examining the rate of exchange from 
incu bation tubes containing O.l11Ci of "H"O. The rate of exchange was 
calculated by dividing the recovered counts at various time periods by 
the total number added. The rate of exchange wa found to stabilize at 
18 hr and hold fairly constant to 36 hr, being 71.8 ± 1.06% at 24 hr. The 
blanks used !iS standards for scinti l.l ation counti ng were exchanged 
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against incubation tubes which contained labeled glucose and medium 
but no t issue. To calculate t he amoun t of labeled glucose converted, 
t he fo Llowing equation was used: 
glucose metabo lized (nanomoles/mg/ hr)= 
tota l number of coun ts recovered - blank X 
total number of counts added X 0.718 
(0.555 nmoles glucose) 
# hr X mg epidermal protein 
Assays of Inco1pora.tion of Labeled Amino Acids 
To provide a measuJ·e of protein synthesis, 0.5 fLC i of [' ''C] amino 
acids (New E ngland Nuclear, Algal protein hydJ·olysate) was added to 
6 X 50-mm reaction tubes and dr ied under vacuum. T issue amples 
were added to these tubes simultaneously with 0.1 ml of gassed incu-
bation med ium and incubated for 2 hr at 37°C. The reaction was then 
tel'minated and protein precipi tated by the addition of 0.1 ml of 12.5% 
trichloroacetic acid (TCA). Each tissue sample was d iced and washed 
3 t imes with 12.5% TCA prior to dissolving in 0.05 ml of 2.5 mNaOH. 
Following addi t ion of 0.5 ml of water, the solu tion has divided into 
equal aliquots, fo r (a) radioactivity dete rmination and (b) protein assay, 
as specified above. Amino acid incorporation was expressed as dpm/ 
hr/mg protein. The optimal condi tions for the incorporation and mea-
s w·ement of labeled amino acids were examined in initia l studies using 
various quantities of amino acids ranging from 0.1-2.0 fLCi per incuba-
tion tube. Incubation in the presence of cycloheximide was used to test 
fo r nonspecific binding of labeled am ino ac ids. To pro vide a measure of 
specific patterns of epidermal synthesis the above procedure was un-
dertaken using L["H]-histidine (New England Nuclear specific activity 
62 mCi/mmole) or L["C]-leucine (New E ngland Nuclear, pecific ac-
tivity 51 mCi/mmole). 
RNA Synthesis Assay 
To provide a measure of RNA synthesis, 0.1 ,tCi of ["H]uridine 
(Amersham Searle, specific activ ity 9 Ci/mmole) was added to 6 X 50 
rom-reaction t ubes and dried under vacuum. T issue samples were 
added to these tubes simultaneously with 0.1 ml of gassed BME and 
incubated for 2 hr at 37°C. At the end of the incubation period 0.1 ml 
of 0.5 M perchloric acid was added to terminate the reaction and 
precipi tate the newly formed polynucleotides. The precipi tate was 
washed 3 t imes with 0.5 M perch loric acid and disso lved in 0.5 ml of 0.2 
M NaOH. The resul t ing solution was divided in to equal aliquots; one 
for protein or DNA determina tion and one for radioactivity determi -
nation. Rate of uridine incorporation is expressed as dpm/ hr/ mg pro-
tein or DNA. 
As.say of Cell Prolifemtion. 
Rates of epidermal proliferation were assessed by DNA labeling with 
tritiated thymidine (["HlTdR) and mice were injected in tra-perito-
neally with ["H]TdR at a dose of 1 fLCi per gm body weight l hr before 
sampling. Tiss~e samples were fixed in normal fo rmol saline, wax 
e mbedded and processed for autorad iograp.hy with Kodak NTB2 emul-
s ion using standard procedures [11]. Estimates of relative rates of cell 
proliferation were obtain ed by counting the number of labeled nuclei 
per unit length of epi thelium and expressed as labe led nuclei per 350 
f-Lm of basement memb rane [6]. Approximately 1000 cells per specimen 
were coun ted. 
Treatment of Tissues Prior to Assays 
1. To assess the effect· of incubation in l mM EDTA on the rates of 
g lycolysis and incorporation of '"C-amino acids occuning in pecimens 
o f skin, fresh specimens of mouse ear were cut into sections approxi-
mately 230 fLm in thickness, using a Sorval tissue chopper. These 
sections were incubated for assays of glycolysis or amino acid incorpo-
ration (a) immediately, (b) a fter 2 hr incubation in BME or (c) after 2 
hr incubation in EDT A. 
2. T o examine the effects of storage of separated epithelia l sheets on 
glycolytic activity, ears were removed and epidermal sheets prepared 
as above. The epidermal sheets were then placed in BME for a 10-min 
accl imatization period. The epidermal sheets were then incubated in 
either (a) BME, (b) BME + 10% feta l calf serum or (c) BME + 10% 
calf serum which had a mixtLIJ'e of 95% o~ and 5% C02 passed over it. 
Following various times of incubation epidermal beets were removed 
and tested for glycolytic activity. 
3. To provide ep idermis wit h a reduced mitotic activity mice were 
starved [12) for 24 and 48 hr prior to sampl ing. 
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4. To provide epidermis wit h an increased rate of cell proli ferat ion, 
epidermal hyperplasia was induced by painting the ea rs dai ly with 
hexadecane [13] for 4 days prior to sampl ing. 
5. To assess the sequentia l change in metabolism a sociated with 
increases in rates of proliferation, ear epidermis was painted daily with 
hexadecane for up to 10 days. 
The histological appearance of hyperplastic epidermis suggested a 
marked change in epidermal protein content. Therefore instead of usi ng 
epidermal protein as a baseline for activ ity, a comparison of rates of 
activity of control and hyperp lastic specimens was made by assaying 
epidermal sheets of a standardized area obtained using a 4-mm biopsy 
punch. For compru·isons, the DNA [14] and protein content in . uch a 
quanti ty of control and hyperplastic epidermis was independently 
de te rmined in a separate series of experiments. 
Estimation. of Changes in the in Vivo rate of Inco,poration of '''C 
Labeled Amino Acids 
For comparison with the in vitro method, the relative rates of in 
vivo incorporation of [ '''C]amino acids in hyperplastic and normal 
epidermis was examined. The left ear of each of 5 mice was pain ted 
daily for 4 days with hexadecane. On the 5th day each animal was 
injected subcutaneously in t he suprascapu lar region wit h 10 fLC i of [' ''C] 
amino acids in sterile saline. T he mice were killed 2 hr late r, the ears 
removed, and the epidermis was separated by incubation in 1 mM 
EDTA. T he epidermis was homogenized in 10 vol of cold 12.5% TCA, 
the suspension centrifuged, and the supernatant removed. T he precip-
itate was rewashed 3 times with T CA prior to disso lut ion in 0.5 ml of 
2.5 M NaOH. 250 fL l was removed for protein estimation and the 
rema inder used for radioactivity determination. 
RESULTS 
E ffects of Tissue Dissociation and Storage 
In con trol experiments s kin slices incubated in e ither 1 mmo-
la r EDTA or BME for 2 hr sh owed a significant r eduction in 
t he glycolytic activity compared to fresh t issue . No s ignificant 
alteration was observed in the rate of amino acid incorporation 
in BME or EDT A incubated t issues. For both glyco lytic activity 
a nd a mino acid incorporation t h e reduction resulting from 
incubatio n in EDT A was s lightly greater t han that for BME 
but this diffe rence was found not to be statistically significant. 
Various periods of storage of pure epit h elia l . heets in various 
media prior to incubation to assess glycolytic rate showed that 
t he le vel of glycolytic activity dropped after 2-5 hr of storage in 
ungassed m edium or m edium without serum but was m a in-
tained for up to 24 hr of storage when BME was supplemented 
with 10% calf serum a nd gassed with 95% 02 a nd 5% co~. 
Figure 1 s hows t h e histological appearance of t he separated 
epidermal s heets. 
Effects of Starvation on Epithelial Metabolism 
Labeling indices a nd rates of glycolysis and amino acid incor-
poration in t h e ep idermis of animals starved for 24 and 48 ln 
a re show n in Table I. Epidermal sheets prepa red from animals 
after 24 hr of starvation sh owed a r eduction to approxi mately 
50% of t h e con trol levels for glycolysis and p rotein synthesis 
per unit of epidermis. After 48 hr of starvation t here was a 
s lightly greater reduction in each of t he 3 activ iti es measlll'ecl. 
E ffects of Induced Hyperplasia on Epithelial Metabolism 
The results of metabolic assays of ep iderma l sheets which 
ha d been treated with h exaclecane in vitro to induce h y perplas ia 
are s hown in Table II. An increase was observed in amino acid 
incorporation , glycolysis, RNA y n t h esis per unit a r ea of epi-
dermal sheet a nd number of DNA labeled cells per unit area of 
epidermal basement membrane. The increase in t he number of 
DNA-labeled cells was approximately 4-fold . G lycolysis, amino 
acid incorporation, a nd RNA synt h esis we re inc reased by fac-
tors of 5.9, 3.4 a nd 3.9 respectively. 
Assay of t he protein a nd DNA con tent of 4-mm diameter 
sh eets of co n trol a nd h yperplastic epidermis (Table III) sh owed 
a 1.5-fold a nd 2.7-fold incr ease respectively in hyperplastic 
t issue . 
Table IV s hows t he comparative rate of in vivo incor poration 
404 HARRIS, MACKENZIE, AND WILLIAMS 
F I G 1. Photomicrograph of a 1 p.m section of a Epon embedded 
epidermal sheet prepared by incubation of intact skin with 1 mM EDTA 
in phosphate buffered saline. Section stained with Richardson's. Bar 
represents 10 p.m. 
TABLE I. Effects of ~tarvation on labeling index, glyco ly~is and . 
amino acid incorporation in epidermal ~heels" 
Length of s~arvati on Labeling index Glycolysis AA inco rpora-lion 
(l X 10-u moles 
hr (labeled nuclei/ glucose con- (dpm/ hr mg pro-350 ,.un) vened/hr/ mg tein) 
prote in) 
0 0.968 ± 0.1 278 ± 50 320 ± 40 
24 0.54 ± 0.08 135 ±50 165 ±58 
48 0.46 ± 0.1 125 ± 30 250 ± 65 
"Each value is the average of 3 determinations per animal with the 
experiment repeated 3 times on groups of 5 animals. 
TABLE II. Effecl; of 4 days of hexadecane treatment on labeling 
index, g lycolysis, and amino acid and uridine incorporation in 
epidermal sheets" 
Control 
Treated 
Ratio 
Labeling in-
dex 
labeled nu-
clei/350 fLITI 
0.8 ± O.J 
3.3 ± 0.5 
4.12 
Glycolysis 
(1 X 10- ' 
moles/hr/ 
pu nch) 
36 ± 4.3 
25 ± 1.3 
5.97 
AA incorpo- Uridine in-
ration corporaLion 
(dpm/ hr/ (dpm/ hr/ 
punch) punch) 
545 ±52 605 ± 72 
1867 ± 102 2375 ± 182 
3.42 3.92 
" Eac h value is the average of 3 determinations per animals with the 
experiment repeated 3 times on groups of 5 animals. 
of C''C]amino acids into control a nd h exadecane-treated mouse 
ear epidermis. An approximately 4-fold increase in incorpora-
tion into hyperplastic tissue was observed, an increase compa-
rable to th at observed using the in vitro assay (Table II). 
Figure 2 sh ows the effect of repeated treatment with hexa-
deca ne on t he metabolism of epidermal sh eets. There was a co-
ordinated increase in all of t he activit ies measured. The rate of 
increase slowed at about 7- 8 days indicating a possible reestab-
lishment of homeostasis. 
Table V sh ows the compa1·ative rates of incorporation of 
histidine and leucine into control and hyperplastic epidermal 
sheets. Hexadecane influenced this ratio by s ignificantly in-
creasing the amount of histidine incorporated with li t tle ch ange 
in the amoun t of leucine incorporated . 
DISCUSSION 
A number of studies of th e metabolism of stratified squamous 
epithelia have demonstrated that epithelia l metabolism appar-
ently possesses pathways and enzymatic transformations typi-
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cal of m ost other mammalian t issues [15,16]. Epidermal struc-
ture is maintained by th e con t inuo us turnover of th e differen-
tiating cellular compartments with in a period ranging from 
approxim ately 9 to 12 days [1]. 
The primary purpose of t he present investigation was to 
examine th e feasibility of developing assays of general rates of 
epi the lial metabolism which migh t be used to complemen t t he 
large body of information available about t he proliferative 
kinetics of epi th elia l cells during th e maintenance of epithelial 
stru cture. Previous studies of experin1en tally or pathologically 
induced ch a nges in epidermal metabolism h ave primarily em-
ployed assays of individual e nzymes [16,17] which, while indi-
cating t h e potential of an enzym e, have the disadvantage t hat 
t h ey do not indicate the flux through t he pathway in which th e 
e nzym e is involved a nd may not therefore directly relate to 
a ltered rates of synthesis. The m eth ods we have employed in 
t h e examination of basic m etabolic processes such as glycolysis, 
incorporation of amino acids and R NA synthesis appear to 
relate more directly to rates of metabolism a nd might t h erefore 
provide a guide to changes in the overall epithelial metabolic 
rate in a simil a1· way to t hat in which basal metabolic rate 
reflects t he overall activities of the body or labeling w ith "HTd1· 
can be used as a measure of cell proliferation. 
A method for obtaining pme sh eets of epith elium as opposed 
to whole skin , was used to avoid a n uncerta in degree of con tam-
TABLE III. Protein and DNA content of 4-mm punch biopsie~ of 
control and hexadecane-treated epidermis" 
Protein (fLg) DNA (fLg) 
Control 159 ± 13 20.5 ± 2.3 
Hexadecane 242 ± 26 56.0 ± 3.2 
Ratio 1.52 2.73 
" Each valu e is an average of 3 determinations on samples fi·om 5 
animals. 
TABLE IV . In vivo amino acid inco1poration into normal and 
hexadecane- treated epidermis" 
Control 
Treated 
3,231 ± 2ll dpm per punch 
13,980 ± 1132 dpm per punch 
" Each value is the average of 5 animals ± SE with 3 determinations 
per animal. 
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cell . 
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TABLE V. Comparative rates of labeled histidine and leucine 
inco1poration into ep idermal sheets" 
Tissue Histidine Leucine RaLio 1-fis/ Leu 
Control 87.7 ± 6.2 60.0 ± 4.4 1.5 
Hexadecane 217.0 + 22.6 56.3 ± 5.9 3.9 
" Each value is the average of 3 determinations per animal with the 
experiment repeated 3 times on groups of 5 animals X 10- 8 moles/hr/ 
p unch. 
ination of the assayed samples by connective t issue cells which 
h a ve differing patterns and rates of metabolism [18]. The 
method also provides for rapid access of metabolic precursors 
to the epi thelial cells. It was felt advisable to avoid the use of 
e n zymes [19] to produce dermo-epidermal separation because 
of the repor ted effects of such agents producing alteration of 
e pidermal cell surfaces. Scalletta and M cCallu11_1 [20] have 
d e monstrated a highly selective plane of dermo-ep1dermal sep-
aration at the level of the lamina Iucida following tissue incu-
bation in 20 mmolar EDT A. Preliminary experiments sh owed 
t h at a complete loss of metabolic activity of epit helial sheets 
was produced using concentrations of EDTA greater than 5 
rnmolar but that 1 mmolar could produce effective epit helial-
connective t issue separation. Comparison of results of assays of 
rates of glycolysis and protein synth esis of fresh whole skin and 
of skin following 2 hr incubation in 1 mmolar E DT A showed no 
s ignifican tly greater depres~ion tha n BME . . . 
The method employing 53H-glucose to assay glycolytic activ-
ity is based upon a modification [21] of the method used by 
Ash croft, Basset, and Randle [9] to examine glucose m etabobsm 
of pancreatic cells. Like th e E mbden-Meyerhof pathway, the 
h exose-monophosphate shunt pathway may produce 23H-glyc-
e r aldehyde-3-phosphate. The assay th erefore measures glycol-
ysis in the widest sense and does not distinguish b~tween the 
relative contribu tions of the 2 pathways. H owever 1t does not 
measm e glucose incorporated via the hexose-monophosphate 
s hun t into nucleotides, nor the incorporation of glucose into 
g lycogen. 
T h e relative decreases and increases observed in the glyco-
lytic assay and mitotic activity in star vation and hyperplasia 
indicates t hat catabolism of glucose shows a coordinated change 
w ith proliferation as measm ed by this method. 
Many of the normal biosynthetic activit ies of the epidermis 
a re associated with protein syn thesis which has been demon-
strated [22- 24] in t he epidermis. Examination of . the rate of 
incorporation of a mixtm e of la beled ammo ac1ds mto protem 
p rovides a measure of changes in the overall rate of protem 
syn thesis by an epithelium [22]. The method for R NA synthe-
s is, used to give a measure of th e amount of transcriptional 
activity occurring within the t issue, is based upon the meth_od 
of Fukuyama and E pstein [25]. Both methods assume equili-
bration of exogenous labeled compounds with th e endogenous 
pools of amino acids and nucleotides. The protein and RN A 
syn th esis assays paralleled changes induced in th e m_i~oti c rate 
by either star vation or hyp erplasia and the compara bility of th e 
proport ional rates of incorporation of amino acids in vitro and 
in vivo in normal and hyperplastic epidermis is seen fro m the 
results shown in T able IV and Fig 1. In both assays the 
h yperplastic t issue sh owed a marked increase in incorporation, 
alth ough in vivo the proportionate increase was approximately 
25% higher . 
The use of specific amino acids whicli '"'! incorporated pref-
erent ially into different strata of the ep ermis provides an 
indication of t he contribution of basal and supra basal metabo-
lism to the overall metabolic changes observed. Histidine is 
incorporated preferentially into a protein synthesized in the 
granular layer and leucine appears to be largely incorporated 
into basal cells [23,25- 26] and have been used to examine 
changes in epidermal maturation [25, and 27]. From the g.reatly 
increased rate of incor poration of histidine observed in hexa-
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decane-induced hyperplasia (T able IV) it would appear that a 
large par t of t he increased synt hetic activity occurs in the 
granular layer. Examination of autorad iograph~ of e~ 1 thehal 
sheets fo llowing in vitro incorporation of ammo ac1ds has 
indicated that incorporated histid ine is primarily localized to 
t he granular and upper spinous layers of the epidermis (unpub-
lished resul ts). 
N o change was histologically obser vable in epidermal th ick-
ness or cell number per unit length following shor t-term star-
vation of mice or storage in media, and th erefore it was assumed 
that t he total protein and DNA content per uni t ar ea of 
epithelium remains relatively constant and t herefore expression 
of metabolic activity in terms of either total protein or DNA 
content of an epidermal sam ple does not affect a comparison of 
the metabolic activities of such samples. H owever, t his is clearly 
not a valid assumption in hyperplasia where t here is both 
h yperkeratosis and an increase in the number of nucleated cell 
strata. Comparison of the epi t helial conten t of D NA to prote in 
per unit area of epithelium (Table II) shows th at, fo llowing 4 
days of hexadecane treatm ent, th e protein conten t rises less as 
a resul t of the ini t ial increase in th e relative number of nu-
cleated cells to the anucleated protein rich cells of the upper 
strata. We th erefore chose to use epit helia l sam ples of fixed 
smface area as th e base for comparison of overall epith elia l 
activity between normal and hyperplastic tissues. 
The data obtained from the present study indicate that th e 
rates of epith elial metabolism change in para llel with rates of 
epit hebal proliferation and suggest t hat t hese 2 rates of activity 
ar e linked in some way: i.e., starvation produced a decrease in 
t he proliferative activity which was minimized by a decrease in 
the metabolic activity and treatment of the epidermis with 
h'exadecane caused a coordinated increase in prolifeni.tion and 
metabolism. The ch anging rates of incorporation of histidine 
indicate an increase in m etabolic activity that is not solely 
associated with mitosis but also affects the suprabasal differ-
entiating cells. T his has been postulated fro m the resul ts of 
histological studies [6] bu t not previously demonstrated. In the 
maintenance of epith elial homeostasis, th e control of rates of 
cell matm ation and death ar e as important as contro l of rates 
of cell formation . The former have, however, received relatively 
li ttle attention and almost nothing is known abou t t he way in 
which th ese 2 rates are balanced. Investigation of rates of 
epi thelial metabolism in vivo is not at present feasible. T h e 
types of in vitro assay described here a ppear to afford a mech-
anism for examining th e effects on epithelial metabolism of t he 
wide-ra nge of known mitosis-influencing substances and further 
investigating mech anisms controlling homeostasis. 
We wou ld like to thank Mrs. P. S. McLain for her assistance during 
the preparation of this manuscript. 
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